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" _ ,_'.__ hl the _;',:,rl,l. is ,_ls,., -_,* mlI:_v:=_, _ ,,,,-** ......... ,s th-; most ;,,_la:_bl-. ,,.m ,--

;,i_'_ !,l !,,tv,,._.:.'_, n_at_ri4_i_, t_.<.au _° o f" ii_ [_aDilteSs. ,2dalBc, nd is V,'hleiV LlSP-,._

• |" i " :

_ui;,e--i- prol:,_:rti_s for hvtust=l._i m._.teriai_ such _s ._ntioxidat[,):_. good th_mL_i

,-.,,_,,it_<tivitv tr_,nsparen,-.y _or wide _-.:.mges c,[ light (ex,:epl uhrared}, wide ban,J

x- . i -:.'-._ .... t is ._u,-ed very little and its p_oda,:t.ion rites _re limit,d., at ura. _2i,.u_t.;_k, pro

',, _;,),i_ ,-(,n_inent_ F'or thi_ _e.'.-tsox_.the_e have been a nttmb_r of investig.,ti,ms

. p. ]

..,i_ _¥1il.'-"t_-_!:_ *'f ,il_I/lOlPi,

...... ,-" the e_rth s,a_f_,:e _;'ith v_&.-:mi,,eruptions Ur_,J_r

.,_,,-,::_'_:j,_.Im,,s!:,nen,: pressuse_, _r_ptute is _ta_:,le ane, ,h_mollu is tU&HIStt[',-, ill

.... •i. _2.. '" I *}- _ [- ak.=._._*.,u .....

er,:_,.,re _. ._ a:sh ._s th,.,_", at 150km ,.rode: the earth _. _u.rfa,:e. With d._ .1%la e

i:.i_:it _,r_.,_sur-. te,:hnoiogv, -___3v gr,)up hi USA krsi _vnth__size,:i _tifi,:ial ,li_,m,:,_vJ..*
-r ;

ii, _. ,.'-j .; ..._$iik_ .._, *i_.'- i -:kl It. i _ Vii_

,_,v-,-,'_,-v _:per_e,'. : ,i_,_r to mdustri.._! m..,t_r .... s of ,tiamond. in r__,:ent ,_- "° it

:, .,aid _.k-_ _he _m,_ar_t of h,,la_txial us_ges of diamond is o_,e in-i_.x

i,:.L,i_.._htlZi_ ,.,.)uLlitIle_ hvta.txi._! _t.-m,ia_d. lit 196G. ]al.*,_n mip,)_t__d _'-_ULLLU*-'i_,

, _ 1p - ¢ ,_, _ ,,., J....... ! _ ',_ ._:_m_.,ad ;'__ vc of them ace _5"ntlaeti': -

_._ _-_,:_._l_..,._._r_ i:,asv: _e,:imol,)g_es. _u,:h ..xs _vnti-iesls and pro,essing. . of di_-

• ,-'"', ..rod use th*m vdth knc, wn propertle_. As at-,:;: : omp c•n,-:,nt.s a nd ,,,, u. t ures ,-

,_,_._ ,;,.,r,_,,,_,i ,,,,-c,m,_s :._n im[.,,:,rt,,nt industrial m._t .rla, wid,:a is invotve,_ i_:

* Numbers in margin indicate pagination of foreign text.



ORIGHAL PAGE IS

OF POOR QUALITY

[ecim,;i,:gy, the ga_-phase g[owth te,:luto!,:,gies of dia,nond have been est ._{:,Sshe,i.

' r t},i., ,.<hr,,.,1,a,.aiy..:._panis the m,:,st advanced ,_ountxy "n the w,:,rid..:md the

,,t":n_,e_t[_-:._t,,l_ is hr:re.:._d_t5 The _vnthesized diz_moad 1:,_the _u_-pk.:_,-_i_.Vi/ikL' _'.I , " • " '"

_,.--.,,---t_,._,c,2"afiques -s _ thh: iflm and thus more widdv.._pplicable t,_ :atdustri.-'_J

;,,,_S,_ _},._,, ti_e traditional bulk v[i.:.tmoM_, The diumond thin iihn incre,:ased-is

• ' " " "'. L,aa,; t_.,.tm,_logies ._w! ,liamtmtt'_ e4@icatio_a

.... ;-"- d Oc ,0: • ': ,' ' ";,-,- : uzront.h" onh: _>e._ket m:.t--

• _.. a. _ L&la.g., - ,A. •

' " _' ,"2::,?:th T_.:kr&tues

- ne ._._..... ph.d., _. _:r,-,w,h_. ",e,.-i-,,.r.:',-:u',_:._ ,:i ,:i.:mvmd thin him _vnt hesi: in,:lu.'!e s 'i, _'_-....

• , 4.,S
iltv:t* .ill::tliteltL L. _- L; i ,:./LeIFLl£.:l,i V:-I,_0[ _._,:._SltlOil j:_i..'lSl[l:l C\ _ [(.,It[_eMD, :,':it-

....

.'.,_.: _i,:.p:.,s[t_,..:t. :-= i,.)n '_,e,m: si:,utt':zi:tg d_.poshion,"" svutte:iag ,iepositio_v .... .

i_:, meth.?d.s :'_-.[,'. _.:lhe_ sel_shaped crystM .:[i:tm(,:tds or diamond like " --

aims ,_%LC fi_im_ _,[ti,:h e_re o.,n,:,rph,:,us but ve:y hard.

-:k-. ,, .-_-_" " ,.:f ,ii:,,._,ad ttd_ !;_:m i_ ,,._aied ,.,Lit aade_ the _edu,:ed p_es_u:e
_ , • ¢- 15"';_ *a',,it ..... -.... _,,,-. ,_ _h*rm,,,l:'n.:n,,..-_ ally st._}:,te, Therefore. it is ne,:ess_rv, to, _..t,,. A_

1

' , - ,. , lly. ,:,the:wi_e <,nlygraphite is 1:,[odu,:ed arm a,__I_ :,_(,,_ss ,:hP:n.:.:fl,'_c,rphvsKa

,-: .....' ,- .. ' ' :hmqu_r,. ,...,,-,.,. :n_,., .>:,:ount _J. su,:}" .:_,::t:vat:o:t to., es. There _e two a,z:tix'.:tt.:_.,_

_-.,!::_:ques_:.,_,_:,,_i,,,dis tc ch_mi,:al[y o.ctivale the p[o,:ess using hy,irc, gens
I

l _} * : | ' 13 .

k 1_ " = J
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• "" ..... ".'.;.

,.4. _ ,'-_ " -r" _L_ _ I _-" _ i' i ,

::.2 ....i_,g_ _ .... tp_si::a _e_?ft:v_.c_;y:if). pro,:essing an:] ?oli_hixtg te,_noiog_ li. thin fthn: i2. ai_;a

; _;it;,i i'ei,'.,,•il,'.': } , sl_ea£Kor n:.._teriMf, u2t,r._sound mulsmission media; Ii. stability: 15. surfa,e f,;o;e"dv_

n.i_.l_,t:....-,_m,_mc,n: _. ion b,_rrier:l;• _hermai condn,:i.ivity; 1_. heat• _ink b,_se booed, lU. _'ide ba;_:i

_ap. s_.rr,a,:or,ia,:iiv-itr 2LL_:.travi,?i_; sensar. _:.traviol_.t lasar _"i. photo ele,:::omoli_ icr,:e elemem"2'2.

; >-2i,-'i;_n .__sis_ant high _rrt_ erature o_erated lr;_ts:sto_ _.)_".herdnos_._ ,:oaring. to_, friction ,:o__ff.,:iem:

Z-_. _ut,_rhne t,am,:ie abram'es: 25. b:te drlL 25 :,_.a.rlng,dtsc _urfa<e. tape surface; 27. tr,xnsp_eu,:y 2_.

t.;qer _.n,l ,_-,:,.,It.,:_.:,.q,.ions ,'oari_tg: 'airt]o_'_ ,:oaring: 2'_. bu__k,3il. ewelry: :'_.. m'msp_en,:y; :;2. V_indt',',_

v alor::ds +;ia,'_md a ".-'_. ?)eating: 33. hatdn,ms:3_, pi,:i_ap neodlo. -,oaring: 35 supor hard bite d:ii.. :s_..

.;._+-a._Iv_,_ale.r-Jail: :"-,7.:h,rrnai ,+;_n,ln,tirit}+: :';_. he_+llhnk.
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OF POOR QUALITY

C:uzlently only tk_.nna! fd_ment CVD aad plasma CVD methods, ;¥M,:t_ ,:hellS-

, . _,,_ _,,,- £hl_ with-. :,1. a,:-',ava!e the vr:, ,:e_, _ynthedze t .d..I 4i._m(md ,-rvs_._]line thhl

,,tit .:my am(_:@Lous _tru,:lu_e. Fol this pu_pos*, the base board ternpe!aluze

' -: _ m,._ha.Alt m,.,_* tltau 9ll{l'CS,, [a! pln, si,:al ._ctiwtion methv,ts vleld
IiU_ l U. il.i. - ...... " • "

R"......,,;°.-,i,. 'n'st:diized di,._m(::n,.! tbPn t_s, but it presents a possibility that

,-r,,s_._jiin_ ,]i.__m,-,nds can i:e synthesized at t,)wer temper._tuxes. In this x__vi_.w.

v,,: di_, a_ dL_. tiern_.i iil_m_.m. CVD ._ad loll b e_a ,puttesiag t_.,.Imiques R,z
i

:a_=u,:a: :..M _,k_-si:a! a::txv_tloas, ;espe,:t:vety. We also ,JJs,:uss the gas-paase

,:r ,:,',", h _,_,'i',__,?u, s of ,ti ._.mo n,J

_,, .. _; :,' ,. I .... ti_e _: ......... _:[ ii]:_ment CVD i,)_ _vnthesiziag 'iA._-..a,_,-.;-, the: thermal

m.-,n,-i thin :._m_. One ,.'_the ,:h:_r_,:teri_ti,:s ,_ thi._ _pparatus is that the t_.mg_.len

i_]:;_;_t:,. [,_ Lghl. _tb,.,ve the base [,,.,au]. Du_iag synthesis, th_ i[hm[ent, b-.,.ome_

.... _.... * '"q(" 2. ('.:_zt:,oas IoI ,JJ,_tn,:,xM - ,Lo ' takex_ kern met!t,_ae ga_,_%;B_s_. S].S ,),le

v,m,:i_ -_s ,:imt_..:_. [,:' hS"'J_'.,g"-r_g.-:tst<, .yield 1 v,A_'_: o[ metJ:[a_e. Hyd.rogen 3._t_

• ' _ wki,:n is th_n -'.000' C'. and::,:,i_,:ai_s ,i,,.,,mr.,oso _'itl_ the a___te,a 2nl&men_ " ' mo_e ,
.... 72 -

"I" " I _

'-_;li_ d.lk_J, LLl:. ik_l _.[/L/l_"t,tl.!_.

!'he me,:L_Msms ,:[ tb._. citemi,:aJ a,:tiwtion mentioned ab:)ve inay be ,is !,.)ttows

i" /liOl!,i' }t_'tift'_eI[b ieaCt with CH. aad ,.I[e,:tiveiy yield _adJ,:_d_ ni,i ,_

_-"' ' ] ,. h R-._ulth_ _,:tiv_te,1 _a,li::al_ de,:ompose on th_ l:,a_-:

,.:,.[ k_n"r_te ¢:[i _I _i_'i_(i structures ,Compared to the ,iec(,mpositi,:,n of LrH_ (,n

'"- ],a_- i.,o_r,l _.}_'_ ,;{ radicals su,:h as Ctt._ pr,:,,:ee,ls at l,)we_ temper_tur_-s an,J

:- ....: .... x: .......... i _t.:-u•:tures l

: :. }i :,,-,i_;_,--i_ _'-_ :tr},,';il_ '¢; [tl,:}-L :_X'_ pl;" ill' -,[ _;t.r:_.dt ._lleO_.i_,iv .:,s S._za{)n,:is .:_z-.
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7

_+,i,,,iu,. +_,i. _,+._,:i _vit,b, ,_tc,tai,: kydrogens to .+,'i+Jd+;tydr,oc _rt,,a,iL_ (Si.+v:+. :at ttie },It.a++:
, 1 ,1.'

+

+,,,-,,+ ..... -_ + ptfi++ j:+ ...... gr:_>h;.tes _herefor*.. uat[e+_s _re_ tes +¢ormed _re renxove,+[ front the

_.,< .... *,_. ,.]l:_ttt,_l,d , _,VSt_t]._ [_.eveI g[o_,_/. OI&pttlte_ te_,.+'t with _tomJ,: jrg'drogerts

"l : }" |
+.ii,.:iC ":..:+,_i-V C._t,xl+ ,.LtO, ll+t)l't_l++ +II'] titUS thtS t.,e.,:].m'_que ++_le,:tivetv +em,:,v-.s _gra>lt.'t+-

_-'_++,,,+,+ai+_++,t,+,+++>+,t::[vst_u_zte diamond ;_][[ts +.,rt the [,as+_ l.,oa_,:[ v_J:t]+:_tw._s

+,+.+_+a.;,a,.-.d +t .d., +_u.t OOt3"C. 0,+ the 1,,as_. b ,,++r,_ ,li+.,auad., f,,_m ,m ,:pk.axia] Jtlttt.

i_.::....,, _,..:.: .'- :,r,. the ba_e !:,,:.,-ard wh]c]', is rtot ,]J&v,-[,_n,:is but +uck as +:,llcor_ ,_++....._._+,+_a__'.....,

,,r +-ti_m,>n,i grow in or,ier to in,:reas_ gr_nule's yield, it is n_,:ess,_ry to m:_k+

,,._.:_:..._Le_ +:.+It'.ile ._,.++_se[,,.,_itt r.'3 +]J._moltd p_ts_e. _Xu,:lel ma._ be J[ormed +:_tttit+.

,+.+.......+.,++: ,+._-+Iz_niua,;_+"' vatticles" remain' on the _,:>_t,:h ,aa,:[ become nu.,:ld f_n +,,,_,,,:,_"_+_"

oF F_oou QuAt.try
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Z :r-_ >./<--

7"_, J /

.'...-a_et, _ v,;_:utnn i?ump,

) I
00._tI <1; _]:.

"':,'_i:,_,B.-.am Sl:,Ut_emtgDel:,osi'doS:

"r't...,-.:oi," [ -.._m _'putte:iag_ deposition _pp_al, us is s,:hematlc _llv _hovat m Fig.

4 .'v!i:.:-. ,! i,:n b-.:nu ,.d srg,:,n and hydrogen, whose energies af_ el)oat 1200 el'. ,_.re

itr,_diated f_,_,m the ion _ouz<e. The target is a g_ati.,klte sheet, £tom whi,:It :arboL

, ..... '.. k,,.,l:4on_ .,_--,,)a:,:-._ ,>fdi_moM synthesis. Th_

-r,:,,, _, '-', ..... " thi_ ,._,"'--""_ th-:tt the su.r[a,:e of the has_ board is ne:_,:[v

i,.,_r.d],': :, 'h_ i_,.,: ]:,-_ln at the irradiated position. Be,:ause Of this olient.atior,

¢" ,! l 1

::i,,,,_j..:x[Lv.. .:.;_:;iv:,.t:'.the process. This phvsic._i. ,xctivetion is considered t,:, cause

.... ooar(1 _urface.
:!t-ill'ix: [W-:VV :tr_Tut ]<'!: beauts hlttin B a ,::tr[,,?n flint on the :

1 , "I l r" ) •L, _,_;_,. ,._,,.,_ :.t_,:i:_l,;_;i_ 8 ha_._p_.tatio,_ _re ,:c,n_idered:

.:I) .._';-.,ii_,:,nii_-_:p..x,:i:,fi:,nk,_:un_on the base board localb'_fc,rn_ high tent-

l'"_,:i :: .-:. -,:,,! :,r_ss::re d_orna.ms and ,:ti,._mvnd s)'nt hesi_ _t,_rl s there.

POCR ¢;_::: ,':;



"" " " ' _- _.,_i]., _t,_n_ h _,_i._pldt__-lik__ _tructur_.s v,ho_. ],,;,nd-

_--_,,-_,,,.i rod rem<,v_'_._c.nerc,us sl.ru<tures

i_ flus pr,_,,:ess, by,noSe,! ion i>eams ar_. :ds,:, _ri._,nate_.l ._t the b_._ar,.1sur{._,:,_

, " (.It_iL il'. -z_ ..1.',

v,'.ti,;:_._ .'._ _;,_.ii,:.s physi,:.:d a,:tiv_ti,m_, _;hose effe,:ts ,:_re deternGued by the ion

-i-_.._m energy and irr_,iiation angle, ._re optimized and _uperimpose,t, and thus

,21,.a:_ut,l_ _ o_; ;.d io,._m temp e:_dm'_. Puaihe_, .dn,:e the k,n b eatm ,:ollid___ _Bt,

_ha.,>_., :_.ngle ,;lose ,,., parallel t,_ it the t_.mpe:atu:_: o__.,.£u .;_t ,3.v_.:rV - '

the i:,_e bo._rd ,)niv sligt_tly i_.,:re_e_ .._nd n_ia_t.ah-_s M v)on_, temperMu..re
1

,_ art, ou i_iii_ zorme(1 on tia_ '.:,ase t,o-a.rd ._t loom temperattue ._e mt, gtiv &roof
") '1

k:,,,u_ - _a,i _",.i,_..:__s"-- havtness ,-f tD.m is more tl',an 3.000 kg ,'nun". These ._.r,_.DLC

_-,i,,_, A pb.,:,tegr.'.,ph .,i' a Dr C hl!lLis shown m Fig, 5 T|ds is taken b,' a trans-

.,,,!._;,:,a -t_,::,: ..,_ _r[a,:rt,_,:op.. G_rax_i:de_ ..;v_ i",'.,rrae,.] in the film. Th ,v _._,_e,:u'q,_

• • . . o..,:..,,.,,_,._ :.,.;_,.. ,.,.,_.._ .:_s_._; ,_; :.ul.,o-,_,:td_.d_,:d b_pe , ubi, _uu,.tm_._. Th--

-'.4: ...... ti,r _",",'_- and lt_ shape -_o,--q that. the :nain pl_es _re ;! ;'i;

_ it.:- ;';_, _._'t..:_ _ptl_L,:._ag _._i_t_u.,_._ pI'O d._C_ d.I_._I_C,iL_ '.,3:_ _._ O1_ th_ t.,a_ _- '..'_.,.ai,._

.,. -, .......... _,,-,_ Sere: -_ les s,_on in the electron m_,:ro_,:_:,pe vte',; _

.,r,,_ .._ii w. th_ _ame ,:[ire<lion H,-.,v,'_.ver. t}/ese ,:[i.:alnOZB;i parti,:les .:_ .:ts sm::dJ

.,_6,i- i3,2 #m. They a_ ,_uav)ua,t_.d }.,y ._m,)rphous stzuctures and can '.tot gr_:,v,

_".... _ ..... F'_I this Ze._SeZ,, thin F,!n-_ of p*rf_',4. ,.[iamond ,:rystM ,:an n,:,t b_.2it2', -, t_.t ,..ao;,t " ""

i:,r aine,i but DCL fli,ns wh,?se suHa,:es _e smo,)th ar_ obtaine,i. These can tiros

' .A)pli-.d ,.() ...Grafion ,._ds_.:m,:e films. Also dn,:e ;.dl pa_ti,:le_ ,:)riem to the _atli_

,:---': • 2__;ev:,_.pita.,dality may l:.,e expe,:ted.

gt "]' °_;;..... .-,',." it i, ,,_,'_r," t,:, find a t:,te_k thv_u -_ h_ ,:r,le_ to 5ue:,a ._'_I_-..t

160
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O. lJm

,::i ,,.:n,.n,i ,:ry_t_i t.h,.m ffl,r_, by rem,)vhlg _n amorph,>u_ _tru,:_e_

:,. _,.-:_mat_::,_ o._ ___._mon<_ Thin Fihm

A_ m-::_ti,..n_,! ._.]:.ove. carbon h_s t_,o o.llot[,>pes, gr_pifite _,,_---_,ti_mond. Thu_.

-,:'-.n'}Ji,ial.ioI, oi the. N,_.moad thin ii]m should k,e ,._tied out bS' at lea_t t:',_.,

mea_ur-.m-.nts. 3t[u,:iures.._toml,- vibration_.._nd ele,:tron s_._tes of the ,:arl_,,.,n

S_m,:_ure the X ray and ele,:tron diffractions ._re used {or structure _nals-

_i_" k-Jlle ._|t,]Ut,l""" _: ]:-. ,._utiou_ sin,:e el_,:t_on d.iN_:tion pat.tem_ of muhi,:r_,st:_l

_:-._;tx_ .,_.:..ti;)r amorphous m._teri_ls.

._,;_::d,. vi_,ration: Th_ in_rared :.tbsorption ;rod Rama.n spe,:tra reveai vi,;.,r_-

/- • )

" " . .... ........ ", : o ' _ N_mond-like (_p'_). Re ,:-.ntl _"Raman s,:att_rmg

_,_-,-_r_ pr,,,_u,:,_ n_.,-,_ re]i-_bie data for .di_mon,is
" ) 1

"' " 'Oi--l,-,tu,_ _-, txa w_m _I,- t_o_;

10



i_,_'.r_.h-.!_.,n_ ,_alt .:,bt._m _:,m-. ..... _l.do.. c.,i .:_morl?hous fl.ill,:|LlI_f. [',LI. Ititl-_

,_i_.-t; _tlSa_.s! '_,;-_"ti tlrU,tlUie_ _'J"dianim,.d iSlJs) and _mmIphou_ ,,a ;L,,_,l[ !st.,-).

- 161

_.h_.:iiz_, d_,:,_[,:i [;-. i,-i-.n'l,qed _imil.:._sly. For "Ida. purpose, the i_ra.red spe,:tr.:._ and

;_4:_ya.::_iprop ertie_. (_u,:h a_ ttarcaTe_, transparen,:y, _ou.nd velocity)d_,te.'nun..

h,;w ,_.i.._m,:_n,i_nir,. fihn_ d_,)uld be _ymh,.fized. [towev_.r. _,'*.hav_. n,>t ,.v_lu_t,-d

, 1 ' _1 •4ev,.wpl_, 8 tiG ev.fla-atioI_, we may _,Ji,,'e a

3e,.:_.l i;i i:-._ .... .? • +ko "

..... 4,_momx ' " ,hM_ io," to_'v.. z-.vie_:e,l _'a,_-pilas* 8r,,wtt'.. te::t'ax_)!,:,gies for ' ' svntitesls, .

,,,.,.,-. ,_t..:,_,..:,,x..,,_, ._.-_,_. _nl_._-,,_-:,r._.hldustKM in.-tteIial .N(, one it,-_' ,:omplair,_

:._!,.u' ,iia:nt, m[ s:'ati-_-_-i_ asixtg tire ga_-phase gr:,tvth te,Ju:lok, gy. Ho_'ev-._, ,.L_,

,_n_ :_:li,,_s_ :_,:,v -_ ,n._mond ," ._;s i,v this nleti_,:,d If _n_ fin_t the me&ardsm ,_._

..i .i, iii_.,._-i ,_i',. '_i iii, ;'lI'_. '[ (lil kl _. } :i,.I}t i (K[

.... ; ..... .,_,. xn ..... _,_i,. "__e.,',_vntheti¢ methc, ds /for ex.._mpie, vhote CV_ __ i ra.-:_v

[_._',,i }ii" _It,_,_,'l}_ lile,;ita[|._SllL ol dlalrlt, lld. ,'_'e_ inve_tigation_ will Mtahi _::t_i,,-ti_

' _ - _ _AI,].2_ilia _." '" ,i_ I _.'

il
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